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THE MYOGENIC RESPONSE IS ESSENTIAL in regulating peripheral vascular resistance as well as tissue-specific blood flow. This autoregulatory mechanism, in which vessels contract or dilate in response to changes in transmural pressure, may be impaired with advancing age. The magnitude of myogenic tone development declines with aging in both mesenteric (19) and skeletal muscle arterioles (32) , and age-induced modifications of vascular smooth muscle contractile mechanisms may contribute to this reduced myogenic reactivity (32) .
Myogenic tone development depends on an increase in intracellular Ca
2ϩ and subsequent initiation of contractile activity, which is mediated by voltage-gated Ca 2ϩ channels (VGCC). In the presence of steady Ca 2ϩ influx from VGCC, an opposing, hyperpolarizing force is likely required to prevent regenerative Ca 2ϩ entry and tonic contraction (13, 21, 35) . Several lines of evidence indicate that K ϩ channels participate in the negative feedback regulation of myogenic tone (6, 12, 21) . Ca 2ϩ -dependent K ϩ channel inhibitors such as tetraethylammonium (TEA) and iberiotoxin (IBX) enhance contractile activity and potentiate myogenic responsiveness in the vasculature (22, 23, 39) , and targeted deletion of a large-conductance Ca 2ϩ -activated K ϩ channel (BK Ca ) subunit leads to an increase in arterial tone (7) . Voltage-gated K ϩ channels (K V ) are also known mediators of the myogenic response in several vascular beds. Blockade of K V 1 family channels with correolide enhances resting myogenic tone in rat cerebral (2) and mesenteric (36) arteries, and similarly, inhibition of K V with 4-aminopyridine (4-AP) leads to active myogenic tone development in rat mesenteric vasculature (36) . Toxin inhibitors of K V subunits induce vasoconstriction in isolated mouse cerebral arteries (10) , and more specifically, transfection of rat cerebral arteries with a dominant-negative mutant rabbit K V 1.5 subunit enhances myogenic constriction (8) .
Our previous work demonstrates that myogenic contraction is impaired with age in skeletal muscle resistance vessels (32) ; however, the mechanisms underlying this decline in myogenic responsiveness remain unclear. In addition, we found that both spontaneous tone development and myogenic activity differ in skeletal muscles of differing fiber type (glycolytic vs. oxidative) (32) . The combined effects of aging and fiber type on the relative contributions of BK Ca and K V to regulation of myogenic tone in skeletal muscle arterioles are currently unknown. Therefore, the purpose of our current study was twofold: 1) to test the hypothesis that in these vascular beds, aging increases K ϩ channel modulation of myogenic tone, and 2) to test the hypothesis that BK Ca and K V channels contribute differentially to the myogenic response in resistance arterioles from skeletal muscle of diverse fiber type.
METHODS

Animals
All procedures in this study were approved by the Institutional Animal Care and Use Committees at Texas A&M and West Virginia Universities. All methods complied fully with guidelines set in the (24 mo) male Fischer 344 rats were obtained from the National Institute of Aging colony. These rats are sexually mature adult animals at 4 mo, whereas 24-mo-old rats are senescent, with an ϳ50% colony mortality rate. In addition, these animals undergo normal aging without experiencing atherosclerosis, hypertension, or other overt cardiovascular disease. Animals were housed at 23°C with a 12:12-h light-dark cycle and provided water and rat chow ad libitum.
Microvessel Preparation
Rats were anesthetized with pentobarbital sodium (100 mg/kg ip). The gastrocnemius-plantaris-soleus muscle group was carefully dissected free from both hindlimbs and placed in cold, filtered physiological saline solution (PSS) containing (in mM) 145 NaCl, 4.7 KCl, 2.0 CaCl 2, 1.17 MgSO4, 1.2 NaH2PO4, 5.0 glucose, 2.0 pyruvate, 0.02 EDTA, 3.0 MOPS buffer, and 1% bovine serum albumin. First-order (1A) arterioles were isolated from the soleus, a predominantly slowtwitch muscle, and the superficial portion of the gastrocnemius, a predominantly fast-twitch muscle (15) . In soleus muscle, 1A arterioles were defined as the first branch after the feed artery entered the muscle tissue. In gastrocnemius, 1A arterioles were defined as the first branch off the feed artery that traverses the superficial portion of the muscle. The arterioles (75-to 213-m inner diameter) were transferred to a Lucite chamber containing PSS equilibrated with room air. Arterioles were cannulated with micropipettes of matched tip resistance and secured with suture (Alcon 11-0 nylon microfilament). After cannulation, the microvessel chamber was transferred to the stage of an inverted microscope equipped to measure and record arteriolar intraluminal diameter (14) . Arterioles were pressurized to 70 cmH2O with two independent hydrostatic pressure reservoirs. Vessels with leaks were discarded. Vessels determined to be free of leaks were warmed to 37°C. Vessels failing to achieve spontaneous tone were Fig. 1 . Diameter changes in response to increasing intraluminal pressure in soleus (A) and gastrocnemius (B) muscle arterioles. In both muscle fiber types, arterioles from young animals exhibited more robust myogenic constriction than arterioles from old animals. C and D: resting myogenic tone in the same soleus (C) and gastrocnemius (D) arterioles from A and B, respectively, at increasing intraluminal pressures. Young soleus, n ϭ 10; old soleus, n ϭ 12; young gastrocnemius, n ϭ 10; old gastrocnemius, n ϭ 9. Values are means Ϯ SE. *P Ͻ 0.05. 
Immunoblot Analysis
Soleus and gastrocnemius arterioles were isolated, snap frozen, and stored at Ϫ80°C until use. Because of the limited amount of protein in single 1A arterioles, vessels were pooled (3-6 vessels for n ϭ 1) to provide sufficient protein for analysis. Vessels were lysed in 1ϫ sample buffer (62.5 mM Tris, pH 6.8, 2% SDS, 6 M urea, 160 mM DTT, and 0.1% bromphenol blue) using a rotary homogenization tool. Samples were subjected to SDS-polyacrylamide gel electrophoresis (8%) and then transferred to Hy-bond nitrocellulose membranes (Amersham). Membranes were blocked for 1 h at room temperature (5% nonfat dry milk in Tris-buffered saline ϩ 0.1% Tween 20), cut into strips, and then incubated overnight at 4°C with polyclonal K V1. 5 (1:800; Alomone Labs), BKCa (1:2,000; Alomone Labs), or monoclonal GAPDH antibody (1:8,000; Advanced Immunochemical). After washing, membranes were incubated with respective horseradish peroxide-conjugated secondary antibody (Cell Signal) for 1 h at room temperature. Peroxidase activity was determined using enhanced chemiluminescence (ECL Advance; Amersham) with image analysis performed using ImageJ software (NIH). Loading differences were normalized by expressing all data as relative densitometric units vs. GAPDH.
Data Presentation
Development of spontaneous tone was expressed as the percent constriction relative to maximal diameter and was calculated as follows:
where IDmax is the maximal inner diameter recorded at a pressure of 70 cmH2O and IDb is the steady-state baseline diameter. IDmax was determined at the end of each experiment by incubating the vessel in Ca 2ϩ -free PSS with 100 M sodium nitroprusside for 30 min. Active myogenic responses recorded in response to pressure changes were normalized according to the following formula:
where ID s is the steady-state diameter measured after each incremental pressure change. Diameter is normalized to account for differences in vessel size between young and old animals. Vasoconstrictor responses to IBX and 4-AP were expressed as the percent change from baseline diameter as follows:
where IDb is the initial diameter recorded immediately before addition of the vasoconstrictor and IDs is the steady-state diameter measured after each dose of the drug.
Statistical Analysis
One arteriole each from the soleus and gastrocnemius was studied from each animal. In all experiments (except for immunoblot analysis), n indicates the number of animals studied. Myogenic response and concentration response curves were compared by two-way repeatedmeasures ANOVA to detect differences between (young vs. old or soleus vs. gastrocnemius) and within (pressure or concentration) groups. Post hoc analyses were performed using Bonferroni's test for Fig. 2 . Concentration-response relationship to 4-aminopyridine (4-AP) in soleus and gastrocnemius muscle arterioles from young and old Fischer 344 rats. 4-AP induced greater constriction in soleus muscle arterioles from old compared with those from young rats (A). Aging had no effect on responsiveness to 4-AP in gastrocnemius muscle arterioles (B). Young soleus, n ϭ 8; old soleus, n ϭ 7; young and old gastrocnemius, n ϭ 10. Values are means Ϯ SE. *P Ͻ 0.05. pairwise comparisons. Group differences in animal and vessel characteristics were compared using Student's t-test. Group differences in K V1. 5 and BKCa protein content were assessed using one-way ANOVA. Statistical significance was defined as P Ͻ 0.05.
RESULTS
Animals
Body weight increased significantly with age (P Ͻ 0.05). Young rats weighed 323 Ϯ 7 g, and old rats weighed 428 Ϯ 6 g.
Isolated Vessel Characteristics
Vessel characteristics are reported in Table 1 . Maximal inner diameters of arterioles from soleus muscle ranged from 78 to 165 m in young rats and from 91 to 177 m in old rats, with no difference between young and old groups. Maximal inner arteriolar diameters from the superficial gastrocnemius muscle of old animals ranged from 117 to 213 m and were greater than those from young animals, which ranged from 75 to 189 m. Maximal diameters were greater in vessels from gastrocnemius muscle vs. soleus muscle in both age groups.
The extent of spontaneous tone development at 70 cmH 2 O varied with age and muscle type (Table 1) . Tone development in soleus muscle arterioles from young rats was greater compared with vessels from old rats. Arterioles from the gastrocnemius muscle of young rats did not significantly differ in tone development compared with old rats. Soleus muscle arterioles exhibited greater spontaneous tone than arterioles from gastrocnemius muscle in both young and old rats. Figure 1 , A and B, shows pressure-diameter relationships as intraluminal pressure was increased stepwise from 0 to 140 cmH 2 O. Arterioles from both the soleus and gastrocnemius muscles of young and old rats displayed myogenic constriction. Myogenic responsiveness of 1A arterioles from old animals was impaired compared with that of arterioles from young rats, as previously reported in both soleus and gastrocnemius (32) . In addition, arterioles from the soleus muscle exhibited more robust myogenic constriction than arterioles from the gastrocnemius in both young and old animals (P Ͻ 0.05). Calculation of myogenic indices revealed no significant differences between slopes when comparing young vs. old in either soleus or gastrocnemius muscle groups. Acute myogenic tone, however, was significantly greater in arterioles from young compared with old soleus muscle throughout the examined pressure range (20 -140 cmH 2 O) (Fig. 1C) . Similarly, gastrocnemius muscle arterioles from young rats demonstrated greater myogenic constriction across the range of examined pressures (Fig. 1D) .
Myogenic Responses
Vasoconstrictor Response to K V Channel Blockade
K V channel blockade by 4-AP significantly enhanced constriction in soleus muscle arterioles from old rats compared with arterioles from young rats ( Fig. 2A) . In gastrocnemius muscle arterioles, administration of increasing doses of 4-AP revealed no age-related differences in constrictor responses to K V channel blockade (Fig. 2B) .
Contribution of K V Channels to Myogenic Response
K V channel blockade with 4-AP enhanced myogenic constriction to a greater degree in arterioles from old rats than in vessels from young rats (Fig. 3) . In soleus muscle 1A arterioles, the 4-AP-induced increase in myogenic constriction was heightened in old compared with young animals (Fig. 3A) . Similarly, in gastrocnemius 1A arterioles, treatment with 4-AP increased the myogenic response in vessels from old but not young rats (Fig. 3B) . After K V channel blockade, diameter changes to pressure were similar in arterioles from young and old rats in both the soleus and gastrocnemius muscle fiber types. Thus, in the presence of 4-AP, age-related differences in the arteriolar myogenic responses from both muscle groups were completely eliminated (Fig. 3, C and D) .
Vasoconstrictor Response to BK Ca Channel Blockade
BK Ca channel blockade by IBX significantly enhanced constriction in soleus muscle arterioles from old rats compared with arterioles from young rats (Fig. 4A) . In arterioles from gastrocnemius muscle, constrictor responses to increasing doses of IBX did not differ between young and old rats (Fig. 4B) .
Contribution of BK Ca Channels to Myogenic Response
BK Ca channel blockade did not alter myogenic responsiveness in soleus muscle arterioles from young rats (Fig. 5A) ; however, inhibition by IBX revealed a significant modulation of the myogenic response by BK Ca in soleus muscle arterioles from old rats as IBX treatment increased vasoconstriction (Fig.  5A ). Treatment with IBX had no effect on myogenic constriction in arterioles from the superficial portion of the gastrocnemius muscle in either young or old rats (Fig. 5B) . In addition, age-related differences in myogenic tone were eliminated in soleus muscle arterioles (Fig. 5C ) but persisted in gastrocnemius muscle arterioles following treatment with IBX (Fig. 5D) .
K ϩ Channel Contribution to Myogenic Responsiveness: Effect of Fiber Type
A comparison of 4-AP-and IBX-induced constriction in soleus and gastrocnemius muscle arterioles is shown in Fig. 6 . In both young and old animals, 4-AP produced greater constriction of soleus muscle arterioles compared with gastrocnemius muscle arterioles (Fig. 6, A and B) . Examination of responses to IBX indicated that in old rats, overall constriction of arterioles from soleus muscle was greater than that from gastrocnemius muscle (Fig. 6D) . In young rats, no significant effect of fiber type was detected in response to increasing doses of IBX (Fig. 6C) .
K V 1.5 and BK Ca Protein Determination
Densitometric analysis revealed no significant differences in K V 1.5 protein expression with aging or variations in muscle type (Fig. 7A) . Examination of BK Ca protein levels demonstrated an age-related decline in BK Ca protein expression in Fig. 4 . Concentration-response relationship to iberiotoxin (IBX) in soleus and gastrocnemius muscle arterioles from young and old rats. IBX-induced constriction was greater in arterioles from old compared with those from young rats (A). No age-related differences in sensitivity to IBX were detected in arterioles from gastrocnemius muscle (B). Values are means Ϯ SE. Young gastrocnemius, n ϭ 6; all other groups, n ϭ 5. *P Ͻ 0.05.
arterioles from both the soleus and gastrocnemius muscles (Fig. 7B) .
DISCUSSION
The purpose of the present study was to determine the contributions of BK Ca and K V channels to regulation of myogenic tone in skeletal muscle arterioles and to examine the effects of aging and muscle fiber type on the myogenic response. We hypothesized that an increased role for BK Ca or K V channels reduces myogenic reactivity with aging in skeletal muscle arterioles from Fischer 344 rats. Four main findings emerge from this study. First, we have confirmed our earlier observation that the myogenic response is attenuated in skeletal muscle arterioles from old rats. Second, K V channels contribute to the age-associated reduction of the myogenic response in both soleus and gastrocnemius muscle arterioles. Third, in soleus muscle arterioles, modulation of myogenic activity by BK Ca increases with age, contributing to the age-related decline in myogenic constriction. Fourth, the contribution of K V and BK Ca channels to regulation of myogenic tone varies in skeletal muscle arterioles from different fiber types. Modulation of vascular tone by K V channels is similar in soleus and gastrocnemius muscle arterioles, whereas BK Ca channels play a more significant role in maintenance of myogenic tone in soleus muscle. Collectively, these data indicate that advancing age alters the modulation of myogenic constriction by K ϩ channels in both soleus and gastrocnemius muscle arterioles and that K ϩ channel-mediated regulation of vascular tone is muscle specific.
Myogenic responsiveness declines with age in rat skeletal muscle arterioles (32) , and diminished myogenic responsiveness also has been reported with advancing age in human skeletal muscle (25) . We focused on determining whether K ϩ channels contribute to the age-related decline in myogenic responsiveness of skeletal muscle arterioles. Various mechanisms have been proposed for the transfer of the contractile signal in vascular smooth muscle that occurs in response to distension of the blood vessel wall (31) . These include direct activation of ion channels on the vascular smooth muscle membrane, modification of biochemical cascade events within vascular smooth muscle cells, and endothelium-dependent regulation of vascular smooth muscle tone (31) . Numerous studies have demonstrated that myogenic tone is modulated by K ϩ channel activity (1, 6, 8, 11, 36) , and the use of K ϩ channel Fig. 5 . Myogenic responses of control and IBX-treated soleus and gastrocnemius muscle arterioles. Large-conductance Ca 2ϩ -activated K ϩ (BKCa) channel blockade by IBX significantly enhanced myogenic constriction in soleus muscle arterioles from old rats (n ϭ 3) while having no effect in arterioles from young rats (n ϭ 6; A). IBX did not alter myogenic responsiveness in gastrocnemius muscle arterioles from young (n ϭ 6) or old (n ϭ 4) rats (B). Age-induced differences in resting myogenic tone were eliminated in soleus muscle arterioles (C) but maintained in gastrocnemius muscle arterioles (D) following IBX treatment. Values are means Ϯ SE. *P Ͻ 0.05, IBX treatment vs. old control. #P Ͻ 0.05, significantly different from young IBX.
blockers, such as 4-AP, has demonstrated the negative feedback contribution of K V channels to control of vascular tone (40) . Exposure to stromatoxin, a specific inhibitor of K V 2 channels, enhances myogenic constriction in isolated rat cerebral arteries (3). In addition, real-time PCR analysis of left ventricular cardiac tissue from dogs reveals an age-related increase in K V mRNA (37) . Our current data, in conjunction with these reports, indicate that the age-related effects of 4-AP in skeletal muscle arterioles are specifically related to inhibition of K V channels. Our findings also indicate that K V channels play an increasingly significant role in control of vascular smooth muscle tone with advancing age.
In the present study, we found that 4-AP enhanced acute myogenic tone development in both soleus and gastrocnemius muscle arterioles of old rats to a greater degree than in arterioles from young rats. To determine whether sensitivity or maximal responses to K V channel blockade changed with age, we determined vasoconstrictor responses to increasing doses of 4-AP. Our results demonstrate that the constrictor responses to 4-AP were greater in soleus muscle arterioles from old compared with young rats (Fig. 2A) . In addition, 4-AP dramatically enhanced myogenic constriction in old vs. young arterioles of both muscle types (Fig. 3, A and B) . This age-related enhancement in myogenic tone following 4-AP treatment was also present at 0 cmH 2 O, suggesting that K V channels modulate tone even in the absence of an active pressure force. Therefore, it is possible that this pressure-independent constriction is at least partially responsible for the age-related changes in myogenic responsiveness exhibited in these vessels. Our data also indicate that 4-AP eliminated age-associated differences in myogenic constriction (Fig. 3, C and D) . Thus we provide evidence that the age-related reduction of myogenic constriction in skeletal muscle arterioles may be due, at least in part, to increased K V channel activity that occurs both basally and in response to increases in transmural pressure.
Recently published reports by Albarwani et al. of the myogenic response. Transfection of middle cerebral arteries in vitro with a K V 1.5 dominant negative construct enhanced myogenic constriction, whereas arteries transfected with wild-type K V 1.5 or treated with the K V 1 inhibitor correolide exhibited suppressed myogenic responsiveness (8) . Therefore, we chose to examine K V 1.5 protein levels in young and old skeletal muscle arterioles. Immunoblot analysis revealed no differences in K V 1.5 protein content with aging in either soleus or gastrocnemius arterioles (Fig. 7A) , despite enhanced myogenic K V channel activity (Fig. 3) . Although our data do not indicate a specific role for K V 1.5 in age-related changes in skeletal muscle myogenic responsiveness, it is possible that other K V isoforms (e.g., K V 2 or other K V 1 family members) may contribute to the regulation of age-related changes in myogenic tone. However, the current data indicate that in soleus muscle, age-related increases in 4-AP-induced constriction are not due to increases in K V 1.5, but instead the result of increased K V activity. Figure 5A shows that modulation of the myogenic response by BK Ca increases with age, given that IBX enhanced myogenic constriction to a greater degree in soleus muscle arterioles from old rats. Contrarily, BK Ca channel blockade did not alter overall myogenic responsiveness in gastrocnemius muscle arterioles, suggesting that BK Ca channels do not play a significant role in mediating age-associated changes in myogenic tone in this particular vascular bed. Subjects at risk for coronary vasospasm exhibit a decline in BK Ca channel expression with advancing age (20) ; in coronary smooth muscle, BK Ca protein levels are reduced with age in both rats and humans (26) . Similarly, we found an age-related reduction in BK Ca protein levels in both soleus and gastrocnemius skeletal muscle (Fig. 7B) . Therefore, despite a decline in BK Ca protein expression with aging, myogenic responsiveness remains unaltered by BK Ca channel blockade in arterioles from the gastrocnemius muscle.
Myogenic tone development, similar to any contractile response of vascular smooth muscle, is inherently linked to vascular structure and mechanical properties of the vascular wall. Our data indicate that the diameter of soleus muscle arterioles did not change with age; however, gastrocnemius arteriolar diameter increased with aging. Previous work from our laboratory has demonstrated that stiffness of arterioles from both the soleus and gastrocnemius is not altered with advancing age (32) , suggesting the age-related reduction of myogenic tone is not related to mechanical alterations in these vessels. Similarly, contractile responses to receptor-mediated agonists either do not change (32) or increase with age (16), suggesting that age-induced decreases in myogenic constriction in soleus or gastrocnemius arterioles occur due to mechanisms uniquely linked to pressure-induced signaling.
Given the critical role of the myogenic response in maintaining local blood flow and total peripheral resistance, agerelated declines in myogenic responsiveness may significantly alter physiological responses in aged individuals. Orthostatic tolerance (24) and exercise capacity (5) decline with aging and may be directly related to reductions in myogenic control mechanisms. Recent work by Ramsey et al. (38) demonstrated age-related declines in vasoconstrictor and myogenic responses in white adipose resistance arteries. Furthermore, these impairments in old animals closely mimicked those exhibited in young control animals exposed to orthostatic challenge. Distribution of rat hindlimb blood flow during exercise is also altered by advancing age, shifting blood flow away from highly oxidative to highly glycolytic muscle (34) . These data strongly suggest that impaired myogenic responsiveness contributes to impaired orthostatic tolerance and also may play a role in reduced exercise capacity that occurs with aging.
The results of the present study indicate that the intrinsic ability of vessels to respond to changes in transmural pressure is differentially regulated in resistance arterioles from muscles of different fiber type, e.g., the highly oxidative soleus muscle and the glycolytic superficial portion of the gastrocnemius muscle. Variant fiber types possess specific biochemical and physiological properties (4) . Therefore, investigating resistance vessels from muscles of distinct fiber type is imperative in achieving a complete understanding of blood flow regulation Fig. 7 . Immunoblot analysis of KV1.5 (A) and BKCa (B) protein content normalized to GAPDH in soleus and gastrocnemius muscle arterioles. KV1.5 levels did not change with age or fiber type. BKCa protein levels declined with age in arterioles from both soleus and gastrocnemius muscles. Young soleus, n ϭ 5; old soleus, n ϭ 4; young and old gastrocnemius, n ϭ 5. Values are means Ϯ SE. *P Ͻ 0.05. within these muscles. Blood flow patterns at rest and during exercise differ between these muscles (15) , and several studies have shown that vascular responses to both dilators and constrictors differ between resistance arterioles in soleus and gastrocnemius muscle (29, 32, 33) . Endothelium-dependent vasodilation to acetylcholine decreases with age in soleus muscle arterioles but not in gastrocnemius arterioles (33, 42, 43) . Myogenic reactivity is reduced in gastrocnemius muscle arterioles but not in soleus muscle arterioles of hindlimb unloaded rats, thus producing muscle-specific alterations of vascular smooth muscle (14) . Our findings indicate that although aging produces similar mechanistic changes, i.e., a decrease in BK Ca channel protein, K ϩ channel contributions to myogenic constriction differ in arterioles from the soleus and gastrocnemius muscles (Fig. 6) .
In the present study, myogenic responses and K ϩ channel protein content were assessed in endothelium-intact vessels. In isolated coronary arterioles, endothelial denudation enhances myogenic constriction from old, but not young, rats (41) . However, previous findings in cremaster arterioles of spontaneously hypertensive, Wistar-Kyoto, and Sprague-Dawley adult rats reveal that endothelial removal had no effect on myogenic responses between 30 and 170 cmH 2 O, which includes the pressure range examined in the current study (17, 18) . Similarly, myogenic responsiveness of small femoral arteries did not change following endothelial removal (27) . The effect of endothelial denudation on myogenic responsiveness has not yet been determined in skeletal muscle arterioles in an aging model. Future studies specifically characterizing myogenic constriction in denuded soleus and gastrocnemius arterioles would elucidate the role of the endothelium; however, based on the current literature, it is unlikely that denudation would significantly alter the myogenic responses of either soleus or gastrocnemius arterioles. Furthermore, in rat retinal arterioles, K V 1.5 has been found to be localized to the plasma membrane of smooth muscle cells and absent in the endothelial layer (30) . Similarly, immunohistological evidence reveals K V 1.5 to be specifically localized to vascular smooth muscle in explanted human cardiac tissue, and not to endothelium (28) . Therefore, it is improbable that the use of intact vessels would significantly affect the outcomes of either the functional myogenic or immunoblot analysis.
In conclusion, the present study demonstrates that K V and BK Ca channels tonically oppose myogenic constriction in skeletal muscle arterioles. Our data indicate that increased modulation by K V channels contributes to reduced myogenic constriction in skeletal muscle arterioles from old rats. Although sensitivity to K V channel blockade did not differ with age in gastrocnemius vessels, it is possible that protein expression of K V family members other than K V 1.5 changes with age and may contribute to age-related impairments in myogenic responsiveness. BK Ca channels oppose myogenic tone in old but not young soleus muscle arterioles, and in gastrocnemius muscle arterioles, the contribution of BK Ca to myogenic tone is negligible in both young and old rats. Thus, in soleus muscle arterioles, the age-related decline in myogenic tone is linked to mechanisms that regulate both K V and BK Ca channels, whereas in gastrocnemius muscle arterioles, loss of myogenic tone is limited to K V channels. Finally, the contribution of K V and BK Ca channels to the myogenic response differs in arterioles from the highly oxidative soleus muscle and the highly glycolytic gastrocnemius muscle. This finding supports previous evidence that the vascular response to various stimuli varies between skeletal muscles of variant fiber type; therefore, both age and fiber type influence myogenic reactivity in skeletal muscle arterioles. Further investigation is needed to determine how changes in mechanisms of myogenic tone contribute to age-related changes in regulation of blood flow and blood pressure.
